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19.1 Introduction

Molecular imaging with positron emission tomography (PET) using tumour-
seeking radiopharmaceuticals has gained wide acceptance in oncology with many
clinical applications. Since its first in vivo application in the 1970s [4, 55] the
glucose analogue 18-F-fluorodeoxyglucose (FDG) is the most common PET
radiopharmaceutical in clinical routine, especially in oncology. In vivo FDG acts
similar to glucose, but being trapped within the cells (‘metabolic trapping’) and not
being metabolised any further. Increased consumption of glucose is a characteristic
of most tumour cells and is mainly related to overexpression of the GLUT-1 glu-
cose transporters and increased hexokinase activity [102, 159]. FDG enables to
visualise regional glucose metabolism with high sensitivity but somewhat lower
specificity. Despite the high sensitivity of FDG PET/computed tomography
(CT) false-positive findings may occur due to physiologic processes such as brown
fat, colonic and gynaecologic activity, infectious and inflammatory processes and
rebound thymus hyperplasia. False-negative findings can occur, e.g. in the
assessment of brain lesions as a consequence of physiologically high glucose
uptake by surrounding normal brain. FDG accumulation can be assessed visually,
semi-quantitatively and quantitatively. The most commonly used technique is the
standardised uptake value (SUV): a semi-quantitative index of tumour uptake
normalised to injected dose and a measure of the total volume distribution, such as
the patient’s body weight.

The hybrid imaging modality PET/CT has been clinically introduced in the late
1990s. PET/CT imaging allows assessing molecular as well as morphologic
information at the same time. Nowadays, PET/CT represents a state of the art tool
for whole-body staging and re-staging in oncology within one imaging modality.
PET/CT outperforms PET or CT alone by improving lesion localisation and lesion
characterisation in oncology imaging.

19.2 Clinical Applications of FDG PET/CT in Oncology

This chapter provides an overview of the main clinical applications of FDG
PET/CT in oncology.

FDG PET/CT plays an integral role in diagnosis, staging and re-staging of
disease in oncology. In addition, there is increasing evidence that FDG PET/CT can
also significantly contribute to evaluation of therapy response, tumour control, and
prediction of prognosis in oncologic patients (for a review see Herrmann et al.
[65]). Conventional imaging modalities are of limited use to assess response to
therapy. FDG has been proposed as an imaging surrogate parameter of therapy
response. It provides highly reproducible quantitative parameters of tumour glucose
metabolism. Changes of tumour consumption can therefore be used to define
metabolic response to therapy. For this reason, FDG PET/CT was introduced for the
early sequential monitoring of tumour response of breast cancer in 1993 [158].
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FDG PET/CT can be used to assess response to therapy early and late in the
course of treatment. From the perspective of a clinician, it is very important to
differentiate non-responders to therapy early in the course of treatment (especially,
if several cycles of a therapy have to be applied, e.g. chemotherapy or
immunotherapy) in order to possibly change the therapeutic management. The
schedule for PET timing is always dependent on the type of tumour and the
treatment plan, often there is no standardised recommendation due to a lack of
(randomised, multicentre, prospective) studies. However, a baseline scan is indis-
pensable in any case, followed usually by a second scan after the first or second
cycle of therapy. Changes in FDG uptake between the pre-therapeutic and early
follow-up scan are used to predict histopathological response and patient outcome.
The standardised uptake value is the most widely used FDG PET parameter, and in
most studies relative changes (%) are calculated to quantify metabolic response.

Early therapy response as assessed by FDG PET/CT has shown promising
results in single-centre studies and should be evaluated in randomised, prospective,
multicentre trials in order to implement FDG PET/CT in clinical practice for this
concern in the future. In this context, standardisation of patient preparation, data
acquisition and processing, and data interpretation are important issues. In order to
establish criteria to assess therapy response with the help of PET/CT, e.g. PERCIST
criteria have been developed and implemented (PERCIST 1.0, PET Response
Criteria In Solid Tumours) [157].

In this chapter, special emphasis will be on the use of FDG PET/CT for therapy
response assessment being discussed in separate paragraphs for almost all of the
listed tumour entities.

19.2.1 Non-small Cell Lung Cancer (NSCLC) and Small Cell
Lung Cancer (SCLC)

19.2.1.1 Diagnosis, Staging and Radiation Treatment Planning
in NSCLC Patients

Lung cancer is the most common cancer and the leading cause of cancer-related
deaths worldwide [38].

Accurate diagnostic work-up and staging of NSCLC is mandatory with respect
to mediastinal lymph node involvement and distant metastases affecting therapy
management and prognosis. In particular, it is necessary to differentiate patients
with potentially curable and resectable disease at early stages from those, who are
not suitable for radical surgery, following the currently used staging system based
on the tumour–node–metastasis (TNM) classification (description of primary
tumour (T), lymph node involvement (N), and presence of distant metastases (M)).

FDG PET/CT allows staging of NSCLC with high diagnostic accuracy [6] and
improves staging as compared to CT alone [40, 137] (Fig. 19.1). Several guidelines
and professional societies strongly recommend the use of FDG PET/CT for
diagnosis/staging (e.g. Interdisciplinary guideline of the German Respiratory
Society/German Guidelines Programme Oncology, Cancer Care Ontario (CCO),
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American Colleges of Chest Physicians and Radiologists (ACP/ACR)) [8, 9, 21,
134] as well as for detection of recurrence/re-staging (e.g. Society of Nuclear
Medicine and Molecular Imaging (SNMMI)) [74], partly under special conditions
such as planned curatively intended treatment.

The use of PET in the Dutch randomised controlled PLUS trial allowed for
avoidance of futile thoracotomies in about 20% of patients with NSCLC (21% as
compared to 41% of patients in the group with conventional work-up that did not
undergo PET; relative risk reduction of 51% in favour of PET, p = 0.003) [152]. In
another trial, Maziak et al. showed that in 337 patients with confirmed clinical stage
I, II, or IIIA NSCLC and being considered for surgery (170 assigned to PET/CT and
167 to conventional staging including CT of liver and adrenal glands as well as
whole-body bone scan) disease was correctly up-staged in 23 of 167 PET/CT
patients and in 11 of 162 conventional staging patients (13.8% vs. 6.8%), thereby
sparing these patients from surgery. On the other hand, disease was incorrectly
up-staged in 8 PET/CT patients and 1 conventional staging patient (4.8% vs. 0.6%),
and it was incorrectly under-staged in 25 PET/CT patients and 48 conventional
staging patients, respectively (14.9% vs. 29.6%) [104]. In a recent retrospective
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Fig. 19.1 47-year old male patient with histopathologically proven non-small cell lung cancer of
the left upper lung lobe, referred to FDG PET/CT for primary staging. FDG PET/CT confirmed
FDG -positive primary tumour and an already suspected contralateral lung metastasis (cM1a);
furthermore, PET/CT revealed an FDG-positive bone metastasis in the Os sacrum (cM1b); (A1-3)
CT-Scan, (B1-3) PET scan, (C1-3) PET/CT fused images
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study, Kung et al. included 186 potentially operable NSCLC patients, who under-
went whole-body FDG PET/CT examination in 2012. Due to disease up-staging
34.9% (65 patients) became inoperable by the results of PET/CT; 102 of the
remaining 121 patients received surgery—97 of those proceeded to surgery without
further (neoadjuvant) treatment or investigation, 4 received neoadjuvant treatment
and 1 had further investigations after PET/CT. As a consequence, changes in
management plans occurred in 37.6% due to PET/CT—the authors concluded that
PET/CT had great clinical impact with a significant reduction of futile surgery [86].

Schreyögg et al. evaluated the diagnostic accuracy and cost-effectiveness of
integrated PET/CT for the staging of NSCLC patients. The authors reported a
diagnostic effectiveness in terms of correct TNM staging of 40% for CT alone and
60% for PET/CT. For the assessment of resectability, 84% of patients were staged
correctly by PET/CT vs. 70% by CT alone. The cost-effectiveness analysis showed
that costs for PET/CT were within the commonly accepted range for diagnostic tests
or therapies [129].

With respect to the detection of mediastinal lymph node metastases several
studies exist—although FDG PET/CT is more accurate than CT for the staging of
mediastinal lymph nodes [137], it is still limited in its ability to differentiate
between benign and metastatic lymph nodes. There can be false-negative findings,
e.g. due to micrometastases, but false-positive findings seem to be the more decisive
problem, e.g. due to inflammation [89]. To solve this problem Rogasch et al. chose
an approach similar to the Cheson/Deauville criteria for judging residual lymphoma
tumour masses either as vital or not based on a visual scale [28]—after standardised
windowing (threshold: 2 � liver SUVmean) they used a 4-point scale as follows:
(1) lymph node (LN) uptake � mediastinal blood pool structures (MBPS);
(2) MBPS < LN < liver; (3) liver � LN < ‘black’; (4) LN appears ‘black’. As an
optimal cut-off to differentiate benign vs. metastatic LNs they found a score >3,
reaching high sensitivities (88.9–90.7%), high specificities (92.0–94.6%), high
negative predictive values (NPV) (97.2–97.6%), and high accuracies (91.4–93.5%)
for different readers with different levels of experience (positive predictive values
(PPV) 72.7–80.0%) [125]. There are several other approaches, partly based on
SUVmax [89] and on a ratio of lymph node SUVmax to primary tumour SUVmax

[30], respectively, or even based on a decision tree model for predicting mediastinal
lymph node metastases (including morphologic and functional criteria) [116].
Taken together, more studies applying this or similar decision tree models should
be conducted to develop tools for FDG PET/CT readers and to make FDG
PET/CT-based nodal staging more reliable.

Distant metastatic spread typically involves the adrenal glands, bones, brain, or
liver. Regarding a curative treatment intent, it is of particular interest, whether there
are distant metastases present or not, especially if they are unexpected, such as in a
low tumour stage. However, the rate of unexpected distant metastases rises with the
tumour stage as a prospective Australian trial by MacManus et al. [98] showed
including tumour stage I-III patients: at tumour stage I the rate was 7.5%, at stage II
18% and at stage III 24%, which underlines the value of FDG PET/CT also in the
staging of (locally) advanced patients, especially with respect to overall survival
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[144]. FDG PET/CT is suitable for the detection of metastases of the adrenal
glands, bones, and liver [6]. For bone metastases, it is superior to conventional bone
scintigraphy (with sensitivity, specificity, NPV, PPV and accuracy >90% each)
[135], confirmed by similar results of Chang et al. [25]. In contrary, FDG PET/CT
is not suitable for the detection of brain metastases due to the high glucose con-
sumption of the normal surrounding brain tissue resulting in an overall poor sen-
sitivity [6]. Thus, additional Magnetic Resonance Imaging (MRI) of the brain
should be performed in all symptomatic patients and high-risk patients with cura-
tive intention (German S3 guideline, see AWMF [9].

There are further reasons for false-negative findings on FDG PET/CT, mainly due
to small lesion size (<5 mm, partial volume effect). Moreover, FDG PET sensitivity
may be reduced in specific tumour types showing variable FDG uptake such as
bronchiolo-alveolar carcinoma, mucinous forms and neuroendocrine tumours [6].

Finally, in NSCLC patients FDG PET/CT should be used for radiation treatment
planning, since it is more accurate in defining the tumour extent than CT alone [16],
resulting in a reduction of the dose delivered to normal surrounding tissue (if the PET
tumour area is smaller than the one defined on CT) and in the inclusion of areas with
viable tumour cells outside the CT-based radiation fields (if PET detects a tumour
area more extensive than CT), thus, affecting the target volume definition and the
patient`s radiation exposure. In a systematic review and meta-analysis by Hallqvist
et al. including 35 cross-sectional studies and one observational study there was a
significant change in target delineation in approximately 40% of the patients [61].

19.2.1.2 Therapy Response Assessment in NSCLC Patients
So far, neoadjuvant chemotherapy is not a standard procedure in NSCLC patients.
However, there are many advantages to this treatment modality. First of all, by a
neoadjuvant treatment regimen potentially micrometastatic disease should be
affected, which accounts for a 5% absolute increase in survival as compared to
solely adjuvant chemotherapy [111]. Second, the tissue resected at surgery can
serve as a gold standard to evaluate response to a neoadjuvant treatment, as it is
already a standard in the assessment of treatment response in early stage breast
cancer. And finally, neoadjuvant chemotherapy seems to be better tolerated than
adjuvant therapy and the compliance seems to be higher [24].

In a meta-analysis conducted by Zhang et al. evaluating 13 studies with a total of
414 patients a pooled sensitivity, specificity, PPV and NPV for PET-predicted
response of 83%, 84%, 74% and 91%, respectively, were reported. All included
studies had used pathological outcome as the gold standard. The predictive value of
PET in NSCLC patients for evaluating pathological response was significantly
higher than that of CT in this meta-analysis [168].

The NEOSCAN trial intended to assess the value of FDG PET/CT for an interim
staging in the setting of neoadjuvant chemotherapy in order to guide further
neoadjuvant treatment, dependent on response or non-response. 40 stage IB-IIIA
lung cancer patients were included, receiving for 2 cycles either cisplatin/carboplatin
plus pemetrexed (adenocarcinoma) or cisplatin/carboplatin plus gemcitabine
(squamous cell carcinoma). A decrease by at least 35% in SUVpeak in the primary
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tumour was considered as response, going along with continuation of the same
therapy regime for 2 more cycles, whereas therapy of non-responders was switched
to vinorelbine plus docetaxel for 2 cycles. In all, 15 patients (38%) were
non-responders, of which 10 patients (67%) reacted to vinorelbine plus docetaxel
with partial or complete metabolic response as assessed by modified PERCIST
criteria, one of those achieving major pathologic response. For all patients, response
assessed by PET after 2 and 4 cycles of treatment correlated with major pathologic
response (p = 0.016 and 0.034, respectively), whereas CT-based response assess-
ment did not [24].

19.2.1.3 Staging in SCLC Patients
SCLC is more aggressive than NSCLC and tends to spread with distant metastases
much faster. There is a two-staged classification differentiating limited disease
(LD) and extensive disease (ED) according to the Veterans Administration Lung
Group (VALSG) that was first introduced in the 1950s. Limited disease is defined
as disease confined to one hemithorax, the mediastinum and the supraclavicular
lymph nodes. All other patients are classified as having ED, including those with
malignant pleural effusion [124].

Most of the spare literature concerning FDG PET/CT and SCLC is analysing
pre-therapeutic staging. In a systematic review and meta-analysis, Lu et al. showed
that among 12 studies with a total of 369 patients the pooled estimated sensitivity
and specificity were 97.5% and 98.2%, respectively, for the detection of ED by
FDG PET and FDG PET/CT. They regarded FDG PET/CT as a valuable imaging
tool for the pre-therapeutic assessment of ED in patients with SCLC [97]. The
results of patients with an up-staging after undergoing FDG PET/CT as compared
to conventional imaging are similar among several studies, e.g. Zer et al. found a
change in the tumour stage up to extensive disease in 6/55 patients (10.9%) [168].

19.2.2 Thyroid Cancer

19.2.2.1 Diagnosis, Staging and Re-staging
Differentiated thyroid cancer (papillary or follicular) represents about 1% of all
malignant tumours and is the most frequent endocrine cancer [14]. It is generally
considered to be highly treatable and curable. However, approximately 30% of all
patients with recurrence will develop local recurrence or metastases, which cannot
be detected by Iodine-131 whole-body scintigraphy due to a loss of the ability of
the tumour cells to concentrate iodine in the process of dedifferentiation [52].
According to the in 2015 revised guidelines of the American Thyroid Association
(ATA) ‘18FDG PET/CT scanning should be considered in high-risk DTC [differ-
entiated thyroid cancer] patients with elevated serum Tg [thyreoglobulin]
(generally >10 ng/mL) with negative RAI [radioiodine] imaging (strong recom-
mendation, moderate-quality evidence)’. Furthermore, it ‘may also be considered as
[…] a part of initial staging in poorly differentiated thyroid cancers and invasive
Hürthle cell carcinomas […] (weak recommendation, low-quality evidence)’ [63].
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In the situation of suspected recurrence, elevated Tg levels, and negative RAI
scintigraphy FDG PET/CT is also recommended by The Royal College of Radi-
ologists (RCR) [142]. The European Society for Medical Oncology (ESMO)
(working group ‘thyroid cancer’) emphasises the main indication of FDG PET/CT
in metastatic patients who have lost radioiodine uptake [115].

With respect to Tg level ‘cut-off’ for the use of FDG PET/CT, studies have
shown controversial results. However, a ‘cut-off’ of 10 ng/ml seems to be a rea-
sonable value maintaining high accuracy in terms of a good compromise between
sensitivity and specificity [14]. The sensitivity depends on the histological subtype
and FDG PET is more sensitive in more aggressive subtypes such as poorly dif-
ferentiated, tall cell, and Hürthle cell thyroid cancer. Thus, the Tg ‘cut-off’ needs to
be adapted and lowered in case of aggressive pathological variants of thyroid cancer
that may produce low amounts of serum Tg [63]. The diagnostic accuracy of FDG
PET/CT is generally high in patients with negative RAI scans and high Tg levels
[14] (Fig. 19.2).

In a recent meta-analysis enrolling 20 studies with 958 thyroid cancer patients
with a previous negative RAI scan the combined sensitivity and specificity for
conventional FDG PET were both found to be 84%; for FDG PET/CT they were

Thyroid Cancer
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Fig. 19.2 53-year old male patient with minimally invasive follicular thyroid cancer, referred to
FDG PET/CT for re-staging with known Iodine-131 positive local recurrence and a thyreoglobulin
level of 319 µg/l under TSH suppression. Besides the local recurrence FDG PET/CT showed an
infracarinal FDG-positive lymph node metastasis and multiple FDG-positive pulmonary
metastases; (A1-3) CT-Scan, (B1-3) PET scan, (C1-3) PET/CT fused images
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93% and 81%, respectively, and the overall accuracies were 91% and 93%,
respectively [19].

For detecting recurrence with FDG PET/CT Choi et al. reported a sensitivity,
specificity, accuracy, PPV and NPV of 64%, 94%, 83%, 86% and 81%, respec-
tively, including 84 papillary thyroid cancer patients with negative RAI scans and
high Tg levels. They also investigated the effect of thyroid-stimulating hormone
(TSH) stimulation in comparison with TSH suppression and could not find an
added value for TSH stimulation [32].

However, the impact of TSH on FDG PET/CT imaging is still an open issue, no
consensus has been reached about the usefulness of high TSH levels. Levothy-
roxine withdrawal or alternatively the use of recombinant TSH might be preferable,
especially in cases of relatively low Tg levels (<10 ng/ml) trying to improve sen-
sitivity of FDG PET [14]. According to ATA guidelines ‘To date, there is no
evidence that TSH stimulation improves the prognostic value of 18FDG-PET
imaging’ [63].

19.2.3 Head and Neck Cancer

19.2.3.1 Diagnosis, Staging and Re-staging
Cancers of the oral cavity and lips were the tenth most common cause of death in
males living in developing countries in 2012 worldwide, representing the eighth
most common cancers in the same population. Smoking, alcohol use, smokeless
tobacco use, and human papillomavirus (HPV) infection are the major risk factors
for oral cavity cancer, with smoking and alcohol having synergistic effects [146].
The incidence of HPV-associated head and neck cancer is increasing, most com-
monly arising from the oropharynx [103].

Histopathologically squamous cell carcinomas account for the vast majority of
head and neck cancers with >90% [1, 29]. Most common site is the larynx, fol-
lowed by oral cavity including tongue, lips and salivary glands [1].

A decisive prognostic factor is the metastatic involvement of cervical lymph
nodes, crucial for an adequate therapeutic management [139]. For this reason, the
role of FDG PET/CT in initial staging of head and neck cancer patients was
investigated in many studies.

The use of FDG PET/CT in primary diagnostics/staging is usually not recom-
mended, with the exception of cancers of unknown primary (CUP) with manifes-
tation in cervical lymph node metastases (to learn more about the use of FDG
PET/CT in CUPs please note the additional section following below). Cacicedo
et al. conducted a prospective study enrolling 84 patients with newly diagnosed,
locally advanced head and neck squamous cell carcinoma (stage III–IV disease
according to the American Joint Committee on Cancer (AJCC) classification
(seventh edition), histologically confirmed). After conventional work-up (physical
examination, CT imaging of the head, neck and chest) each patient underwent FDG
PET/CT and the results were separately discussed in multidisciplinary tumour
boards—TNM stage was determined and afterwards validated by histopathological
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analysis. The authors found a discordance for 32/84 (38%) patients between the
results of conventional work-up and FDG PET/CT with the highest impact on N
stage (in 21/32, 65.7%), followed by a change in patient management in 22/84
patients (26%)—PET/CT TNM-classification was significantly more accurate
(92.5% vs. 73.7%) than conventional staging with a p-value < 0.001 [18].

There is an ongoing debate, if FDG PET/CT should be implemented in the
routine diagnostic work-up of locally advanced head and neck cancers—the
National Comprehensive Cancer Network (NCCN) guidelines recommend con-
sideration of FDG PET/CT in the assessment of the initial treatment strategy for
loco-regionally advanced disease to evaluate for distant metastases [36]; also RCR
recommends the use in this patient population or if initial imaging is inconclusive/
with equivocal findings that would preclude radical treatment [142].

However, the main field of FDG PET/CT in head and neck cancer patients is the
follow-up and treatment response assessment after chemoradiotherapy.

In routine follow-up, FDG PET/CT is usually recommended after inconclusive
conventional imaging to differentiate treatment effects from tumour residuals/
recurrence [142] or if there is a high risk for distant metastases due to initial TNM
stage, especially in patients considered for major salvage treatment [8]. Recurrence
or relapse mostly occurs within the first 2–3 years after first diagnosis [29, 64, 131].

In the management of local recurrence, direct laryngoscopic techniques and
physical examination remain key aspects, followed by PET/CT or other imaging
modalities as important adjuncts in detecting recurrence in lymph nodes and more
distant sites [74] (Fig. 19.3).

Head and Neck Cancer
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Fig. 19.3 55-year old male patient with histopathologically proven second local recurrence of
oropharyngeal carcinoma (initially TNM-classification pT2 pN0 L0 V0 R0 cM0, first recurrence
rpT3 pN0 L0 V0 Pn1 cM0), referred to FDG PET/CT for re-staging. FDG PET/CT confirmed
FDG-positive recurrence in the right oropharynx; furthermore, PET/CT revealed an FDG-positive
lung metastasis in the left upper lung lobe (cM1); (A1-2) CT-Scan, (B1-2) PET scan, (C1-2)
PET/CT fused images
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A recent meta-analysis evaluating 23 studies (constituting 2,247 PET/CT
examinations) found a pooled sensitivity and specificity of 92% and 87%,
respectively, for detection of recurrence in general (local, regional and distant) in
head and neck cancer patients by FDG PET/CT. The pooled sensitivity and
specificity of scans performed 4–12 months after treatment were 95% and 78%,
respectively, with similar sensitivity but higher specificity for scans per-
formed � 12 months after treatment with 92% and 91%, respectively [131]. In
order to differentiate between the primary site, the loco-regional site and the distant
site another meta-analysis including 27 studies (1,195 patients) was conducted
recently: the authors found a pooled sensitivity and specificity of 86.2% and 82.3%,
respectively, for detecting recurrence at the primary site, of 72.3% and 88.3%,
respectively, at the loco-regional (neck) site and of 84.6% and 94.9%, respectively,
for distant metastases [29].

19.2.3.2 Therapy Response Assessment
The prospective randomised PET-Neck trial investigated the role of FDG PET/CT
performed 12 weeks after the end of chemoradiotherapy in 564 N2- or N3-patients
to decide about the conduction of neck dissection, which was only employed if
PET/CT showed an equivocal or incomplete response. PET/CT surveillance
resulted in fewer neck dissections than did planned surgery (54 vs. 221), the 2-year
overall survival rate was 84.9% in the surveillance group and 81.5% in the
planned-surgery group—additionally PET/CT surveillance was more cost-effective
over the duration of the trial [105].

The use of FDG PET/CT in follow-up after chemoradiotherapy was also rec-
ommended by other authors. There is a broad consensus that a period of at least
12 weeks after the completion of treatment and the scan should be kept to avoid
non-specific chemoradiotherapy-related inflammatory FDG uptake [131]. It is still
unclear, if HPV-positive patients should undergo FDG PET/CT at a later time after
completion of primary treatment, since nodal disease might take longer to respond
and regress in these patients [64, 69].

In an effort to standardise image interpretation, Marcus and colleagues proposed
the so-called ‘Hopkins criteria’ in order to assess therapy response for head and
neck cancers from the results of a post-therapy PET/CT-scan by using a 5-point
scale comparing the intensity (as compared to SUV values of the liver and the
internal jugular vein) and pattern (focal or diffuse) of FDG PET uptake in primary
tumour and neck nodes. This assessment was shown to be highly specific with
92.2% and to carry a high NPV of 91.1% in an evaluated patient collective (57.5%
HPV positive) [103].

19.2.4 Oesophageal Cancer

19.2.4.1 Diagnosis, Staging and Re-Staging
Oesophageal cancer is one of the most common cancers worldwide being the ninth
most common cancer and the sixth most common cause of cancer-related deaths
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[88]. There are two major histological subtypes of oesophageal cancer: squamous
cell carcinoma and adenocarcinoma, the first being previously much more common
than the second one. However, a marked increase in the incidence of oesophageal
adenocarcinoma in Europe, North America and Australia has been observed during
the past four decades, so the incidence of oesophageal adenocarcinoma has sur-
passed that of oesophageal squamous cell carcinoma in many western countries
[88]. Oesophageal adenocarcinoma is mostly originating in the lower third of the
oesophagus, often involving the oesophago-gastric junction. The main patho-
physiological pathway of oesophageal adenocarcinoma is likely to be chronic
gastro-oesophageal reflux, causing a metaplasia known as ‘Barrett’s oesophagus’.

Relevant pre-therapeutic prognostic factors are local tumour invasion,
loco-regional lymph node and distant metastases. Endoscopic ultrasound and CT
represent the most widely used imaging modalities for the assessment of local
tumour invasion (T stage), loco-regional lymph node involvement (N stage) and
also distant metastases stage (M stage) [161].

Sensitivity and specificity of FDG PET/CT for staging oesophageal cancer have
been investigated in many studies. For instance, Purandare et al. conducted a study
enrolling 156 patients with potentially curable oesophageal adenocarcinoma and
they found a change in the intent of treatment in 16% of the patients by detecting
M1b disease with high sensitivity, specificity, PPV, NPV and accuracy (83.3%,
98.4%, 92.5%, 96.1% and 95.3%, respectively). The authors concluded that FDG
PET/CT should be implemented in the initial staging work-up [121].

In their systematic review and meta-analysis Goense et al. assessed the perfor-
mance of FDG PET/CT for the detection of recurrent oesophageal cancer after
curatively intended treatment. Evaluating 8 studies, they found a high sensitivity
(96%) and moderate specificity (78%), concluding that histopathologic confirma-
tion of PET/CT-suspected lesions remains necessary due to a considerable
false-positive rate [56].

In international guidelines, the recommendation for the use of FDG PET/CT in
staging and re-staging of oesophageal cancer differs—in some guidelines the use is
recommended for a certain patient cohort, e.g. ESMO where FDG PET/CT should
be carried out in candidates for oesophagectomy to exclude distant metastases [94],
whereas other guidelines (NCCN) advise FDG PET/CT in initial staging as routine
clinical work-up if there is no evidence of M1-disease. Similar to ESMO, NCCN
also advises FDG PET/CT in re-staging before surgery for the detection of distant
metastases for all patients who receive chemoradiotherapy either as neoadjuvant or
definitive treatment [3]. According to the German S3 guideline FDG PET/CT may
be used for locally advanced cancers (cT2-4, cN+) to exclude distant metastases
prior to curatively intended treatment in anticipation of clinical consequences [120].
The use of FDG PET/CT is also recommended by some societies, e.g. RCR for
staging/re-staging of patients suitable for radical treatment, including patients who
have received neoadjuvant treatment, and for evaluation of suspected recurrence
when other imaging is negative or equivocal [142].
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19.2.4.2 Therapy Response Assessment
The MUNICON I trial was one of the first clinical trials to provide evidence that
FDG PET can be used to individualise neoadjuvant therapy—in this trial
chemotherapy in patients with locally advanced oesophageal adenocarcinoma.
Treatment was adapted based upon PET results conducted 2 weeks after
chemotherapy induction in the way that metabolic responders (predefined as
decreases of SUV values by 35% or more) received more cycles of chemotherapy
for a maximum of 12 weeks, whereas metabolic non-responders underwent surgery
immediately [95].

The prospective MUNICON II trial was designed to potentially improve the
clinical outcome of metabolic non-responders by applying a salvage neoadjuvant
chemoradiotherapy; the authors found an increased histopathologic response rate as
compared to the results of the MUNICON I trial, but the primary endpoint of the
study—to increase the R0-resection rate—was not met [171].

In contrast, if FDG PET/CT is used to assess therapy response in squamous cell
carcinoma patients, it should be conducted after completion of the neoadjuvant
therapy [113].

19.2.5 Gastric Cancer and Gastrointestinal Stromal Tumour
(GIST)

19.2.5.1 Diagnosis, Staging and Re-staging in Gastric Cancer
Patients

Gastric cancer is the fourth most common cancer and the second leading cause of
cancer-related deaths worldwide [92]. Gastric adenocarcinoma accounts for about
95% of all types of gastric cancer. There are two major subtypes according to
Lauren’s classification: intestinal type, which often evolves from the distal stomach
in association with chronic Helicobacter pylori infection, and diffuse or signet ring
type (non-intestinal type), which commonly evolves from the proximal stomach and
is more often found in Western patients combined with chronic reflux and obesity
[82].

In the staging of gastric cancer the use FDG PET/CT is limited by a reduced
sensitivity. Only about 60% of locally advanced gastric cancers are FDG avid
[138]. Especially tumours with non-intestinal type histology are often not FDG avid
and can therefore not be imaged by FDG PET/CT. Furthermore, FDG non-avidity
is associated with small tumour size, mucinous content and localisation in the distal
third of the stomach [65]. For the detection of gastric cancer by FDG PET sensi-
tivities range from 47 to 96% (mean sensitivity 77%, mean specificity 99%) [66].
For detection of loco-regional lymph nodes FDG PET/CT seems to be more
specific, but less sensitive as compared to CT alone—FDG PET/CT sensitivity,
specificity and accuracy range from 41 to 74%, 75 to 100% and 51 to 76%,
respectively, whereas these parameters for contrast-enhanced CT range from 70 to
83%, 62 to 92% and 67 to 80%, respectively [82].
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Wu et al. carried out a systematic review and meta-analysis to evaluate the use of
FDG PET for the detection of recurrent gastric cancer. Across 9 studies (526
patients) the overall sensitivity of FDG PET was found to be 78% and the overall
specificity 82% [162]. A more recent meta-analysis enrolling 14 studies with 828
patients reported a high sensitivity of 85% and a moderate specificity of 78% for
FDG PET or FDG PET/CT for diagnosing recurrent gastric cancer—the authors
concluded that FDG PET has a great value in the detection of recurrent gastric
cancer after surgical resection, which might become more important in the future
given the high recurrence rates of gastric cancer [92].

19.2.5.2 Diagnosis, Staging and Re-staging in GIST Patients
Most of gastrointestinal stromal tumours (GISTs) are found in the stomach (60%),
another third is found in the small intestine [126]. Since GISTs often show a high
FDG avidity, FDG PET/CT can be used to evaluate these tumours and their
response to therapy [150]. A correlation between the FDG uptake and the malignant
potential of GISTs presented by the Ki67 labelling index as a mitotic index has
been reported by Kamiyama et al. [80].

FDG PET/CT is suitable for the initial staging of GIST patients, since at least
half of the patients present with distant metastases at the time of diagnosis [101].
Most common sites for distant metastases are the liver and the peritoneum;
loco-regional lymph node metastases are very uncommon [126]. Nevertheless, there
is a significant number of patients with GISTs of about 10% that do not show the
typically strong FDG uptake on baseline PET scan—this might be related to a high
degree of tumour necrosis and myxoid/zystoid degeneration [101, 126].

19.2.5.3 Therapy Response Assessment in GIST Patients
Metabolic response as assessed by FDG PET/CT is closely related to clinical out-
come for GIST patients. Changes of FDG uptake occur early, whereas morpho-
logical changes occur late in the course of imatinib therapy [147]. In a systematic
review and meta-analysis, Hassanzadeh-Rad et al. found out that the accuracy of
FDG PET/CT is higher in detection of treatment failure (e.g. non-responders) than in
prediction of good response to therapy [62].

19.2.6 Colorectal Cancer

19.2.6.1 Diagnosis, Staging and Re-staging
In the United States in 2017 colorectal cancer was supposed to be the second
leading cause of estimated cancer-related deaths in men and the third leading cause
in women, even though, its incidence has decreased continually since 2004 by
approximately 3% per year until 2013 [132].

At an early stage surgery is a curative treatment approach; however, for locally
advanced cancers (pT3-4 or any T N1) usually a multimodality treatment approach
is chosen, which includes pre-operative concomitant chemotherapy and radiother-
apy [82].
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In general, FDG PET/CT is considered not ‘useful’ in the initial staging of
colorectal cancer patients, since the added value as compared to conventional
imaging seems to be too little [82]. However, in a retrospective study, Petersen et al.
analysed the data from 67 patients, who underwent FDG PET/CT additionally to
conventional imaging (CT, MRI and/or ultrasound) for initial staging—they found
a change in treatment plans in 30% of the cases due to FDG PET/CT, another third
of this 30% was either a change from intended curative to palliative therapy or vice
versa [118]. Lee and Lee also conducted a retrospective study enrolling 266 colon
cancer patients also undergoing both FDG PET/CT and conventional imaging.
Multidetector CT and FDG PET/CT showed similar accuracy in detecting lymph
node metastases in patients with clinical stage III (36.2% vs. 42%, p = 0.822) and
stage IV (60.3% vs. 63.5%, p = 0.509) disease. However, FDG PET/CT results led
to a change in management for 1 of 40 (2.5%) with clinical stage I, 0 of 25 (0%)
with stage II, 9 of 138 (6.5%) with stage III, and 8 of 63 patients (12.7%) with stage
IV disease. The authors concluded that FDG PET/CT might be considered as a
routine staging tool for clinical stage III and IV colon cancers [90].

Considering the M stage, liver metastases are most common in colorectal cancer
patients with an incidence of approximately 50–60%, of which about one-third are
diagnosed at the same time as the primary tumour is detected [82]. A recent
meta-analysis by Maffione et al. including a total of 1,059 patients reported a high
accuracy for FDG PET and FDG PET/CT for the detection and staging of liver
lesions in colorectal cancer (pooled sensitivity and specificity of 93% in
patient-based analysis, and 60% and 79%, respectively, in lesion-based analysis).
PET showed a lower sensitivity as compared to MRI and CT in patient-based
analysis (93%, 100% and 98%, respectively) and lesion-based analysis (66%, 89%
and 79%, respectively); however, PET was more specific as compared to MRI and
CT in both patient-based and lesion-based analysis (81%, 70% and 70%, respec-
tively, and 86%, 81% and 67%, respectively). FDG PET and PET/CT results led to
a change in management in an average of 24% of patients, entailing both exclusion
from curative surgery and modification of the surgical approach. The mean inci-
dence of extra-hepatic disease shown by FDG PET or PET/CT, but not detected by
conventional imaging was 32% [99].

In the follow-up and detection of recurrent colorectal cancer, FDG PET/CT is
regarded as a valuable tool. In a Danish study conducted by Engelmann et al. with a
total of 66 prospectively included patients FDG PET/CT detected all relapses
occurring within the first 2 years. Cumulative relapse incidences for clinical stages
I–III (n = 42 patients) at 6, 12, 18 and 24 months were 7.1%, 14.3%, 19% and
21.4% [45]. A recent meta-analysis including 26 studies (1,794 patients) revealed a
pooled sensitivity and specificity of 94% each for FDG PET and PET/CT in the
detection of locally recurrent colorectal cancer [166]. Based on rising CEA levels
(biochemical recurrence) many studies were conducted examining the usefulness of
FDG PET/CT in this situation. In a systematic review and meta-analysis enrolling
11 studies with 510 patients Lu et al. found a pooled sensitivity and specificity of
90.3% and 80.0%, respectively, for FDG PET and a pooled sensitivity and
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specificity of 94.1% and 77.2%, respectively, for FDG PET/CT in the detection of
recurrence in colorectal cancer patients with elevated CEA levels [96].

The use of FDG PET/CT in colorectal cancer patients is recommended by some
professional societies such as RCR, seeing the usefulness in many indications, e.g.
initial staging of patients with synchronous metastases suitable for resection,
re-staging of patients with recurrence (suspected by rising tumour markers and/or
clinical suspicion of recurrence with normal or equivocal findings on other imag-
ing), especially if being considered for radical treatment and/or invasive targeted
techniques, or assessment of treatment response in patients with rectal carcinoma
post (chemo)radiotherapy with indeterminate findings on other imaging [142].
Also SNMMI recommends the use of FDG PET/CT in re-staging for local recur-
rence and (distant) metastases, especially in the case of rising tumour markers with
negative or equivocal findings on conventional imaging [74]. Furthermore, in the
initial staging FDG PET/CT ‘may be appropriate’, if distant metastases are sus-
pected in the pre-treatment staging of colorectal cancer according to the ACR
Appropriateness Criteria® [51].

According to NCCN guidelines, FDG PET/CT is not indicated for pre-operative
staging of rectal cancer in general, and should only be used to evaluate an equivocal
finding on a contrast-enhanced CT-scan or in patients with a strong contraindication
to intravenous contrast [13]. Following ESMO guidelines, PET/CT ‘may be help-
ful’ to characterise extra-hepatic disease [149].

19.2.6.2 Therapy Response Assessment
For therapy response assessment in rectal cancer patients a meta-analysis conducted
by Maffione et al. (34 studies, 1,526 patients) found a high pooled accuracy for
FDG PET and PET/CT to predict therapy response for the global cohort at the end
of treatment (pooled sensitivity 73%, pooled specificity 77%), and especially for
early interim PET performed between 1 and 2 weeks after the initiation of
neoadjuvant chemoradiotherapy (pooled sensitivity 84%, pooled specificity 81%)
[100].

19.2.7 Pancreatic Cancer

19.2.7.1 Diagnosis, Staging and Re-Staging
Pancreatic cancer is one of the most lethal cancers with a very poor prognosis and
poor overall survival (5-year survival rate of about 4% [154]) as curative therapy is
restricted to patients suffering from limited disease referred to surgery.

Commonly used imaging tools for the diagnosis of exocrine pancreatic cancer
are ultrasound, endosonography, CT, MRI, and magnetic resonance and endoscopic
retrograde cholangiopancreatography (MRCP and ERCP). Since 70–90% of exo-
crine pancreatic cancers show a high FDG uptake, FDG PET/CT was introduced to
potentially improve detection of pancreatic adenocarcinomas.
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Tang et al. assessed the diagnostic impact of FDG PET versus FDG PET/CT
versus endoscopic ultrasonography in diagnosis of patients with pancreatic carci-
noma. The authors reported that FDG PET/CT had a high pooled sensitivity of
90.1%, whereas the specificity was moderate with 80.1% in comparison with
endoscopic ultrasonography with a pooled sensitivity and specificity of 81.2% and
93.2%, respectively. They concluded that FDG PET/CT and endoscopic ultra-
sonography might have different (complementary) roles under different conditions
in diagnosing pancreatic carcinoma [141].

Fletcher et al. reported that PET improved differentiation between benign and
malignant pancreatic tissue in the diagnostic work-up of patients with suspected
pancreatic lesions and might reduce the need for biopsy and surgery influencing
morbidity. They recommended FDG PET(/CT) as an additional tool in selected
patients demonstrating inconclusive conventional imaging findings [49].

In the situation of potentially operable pancreatic adenocarcinoma an FDG
PET/CT-scan is also recommended after inconclusive imaging by RCR [142]. CCO
even recommends PET/CT staging in surgery candidates to confirm conventional
staging: ‘PET is recommended for staging if a patient is a candidate for potentially
curative surgical resection as determined by conventional staging’ [21].

Recently, several studies were conducted to investigate the usefulness of FDG
PET/CT in the follow-up after curative surgery and in suspected recurrence,
especially if tumour marker levels (CA 19-9) are high and conventional imaging is
equivocal. Jung et al. investigated the usefulness of FDG PET/CT in the follow-up
of curatively resected pancreatic cancer patients in comparison with CT alone:
PET/CT showed a higher sensitivity (84.5% vs. 75.0%) and accuracy (84.5% vs.
74.5%) than CT alone, also in the detection of distant metastases (sensitivities
83.1% vs. 67.7%). In 19 out of 110 patients, recurrences were only seen on PET/CT
[79].

In another study, the additional value of FDG PET/CT in unresectable pancreatic
carcinoma patients prior to chemoradiotherapy was examined as compared to
conventional imaging—in 19 out of 71 (26.8%) PET/CT staging showed distant
metastases not detected by conventional staging, entailing a change in the con-
duction of chemoradiotherapy (or chemotherapy alone, respectively). The authors
concluded that PET/CT-based staging might help to select the patients who are
suitable for chemoradiotherapy, sparing those patients with metastases from futile
radical protocols [145].

19.2.8 Melanoma

19.2.8.1 Diagnosis, Staging and Re-staging
Malignant melanoma is one of the most common tumour entities in both sexes
worldwide—in the United States there were to be expected an estimated 6% of new
cases in males (5th most common) and an estimated 4% in women (6th most
common) in 2017, but due to new efficient treatment options like immunotherapies
melanoma was not to be expected among the 10 cancer entities with the highest
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mortality rates [132]. Incidence rates have been rising for many years worldwide by
approximately 3% per year since 2004 [123].

Since tumour stage is the most important predictive factor for survival rates,
initial staging of the disease is crucial. Surgery remains the gold standard in the
treatment of loco-regional disease, but even in stage IV-patients (according to
AJCC) survival rates have been improved by metastasectomy [123]. In general,
FDG PET/CT has a higher sensitivity and specificity for detecting (distant)
metastases as compared to conventional imaging. However, additional MRI of the
head should be performed to exclude brain metastases, which might not be detected
by PET/CT due to the high physiologic cerebral uptake and a resulting diminished
sensitivity. Furthermore, by virtue of limited spatial resolution FDG PET/CT is
inferior to sentinel lymph node biopsy in the detection of clinically occult lymph
node metastases.

According to NCCN guidelines, PET/CT is recommended in patients equal or
higher than stage III with clinically suspicious lymph nodes or with in-transit
metastases (IIIB or higher) [35]. ESMO guidelines state that ‘before undertaking
additional aggressive local surgical treatments, a detailed staging investigation, that
includes high-resolution imaging techniques, such as PET, CT or magnetic reso-
nance imaging is necessary to exclude distant metastases’, and specify that ‘in pT
stages > pT3a [i.e. in patients equal or higher than stage IIA], computed tomog-
raphy (CT) or positron emission tomography (PET) scans are recommended before
surgical treatment and sentinel node biopsy’ [43] (Fig. 19.4). The German S3
guideline is not in agreement with ESMO guidelines by stating PET/CT shall not be
performed routinely as initial staging procedure up to stage IIA/IIB (suggesting to
treat stage IIC patients like high-risk patients); however, in the primary staging of
stage III patients and higher it has been shown that PET/CT is superior to the other
methods in diagnostic accuracy [10].

A meta-analysis conducted by Xing et al. enrolling 10,528 patients (regardless of
stage) investigated the utility of ultrasonography, CT, PET and PET/CT for staging
and surveillance of melanoma patients—in the staging of distant metastases the

Melanoma

Fig. 19.4 78-year old male patient with melanoma of the left shoulder, pT4b, corresponding to
AJCC stage IIC, referred to FDG PET/CT for initial staging after primary resection without
sentinel lymph node biopsy. FDG PET/CT showed an FDG-positive lymph node metastasis in the
left axilla and revealed another suspicious FDG-positive nodule adjacent to the right musculus
pectoralis major; (A1) CT-Scan, (B1) PET scan, (C1) PET/CT fused images
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highest sensitivity of 80% was found for PET/CT, going along with a moderate
specificity of 87%. Similar results were found in the surveillance of patients with
the help of PET/CT to exclude distant metastases [164]. A more recent
meta-analysis aimed to review the utility of FDG PET in the detection of systemic
metastases in patients with stage III melanoma, including 623 patients. The authors
found a sensitivity and specificity of 89.42% and 88.78%, respectively; the area
under the operating curve was 0.94. A change in stage and/or management was
noted in 22% of patients [123].

In suspected recurrent disease, employment of FDG PET/CT is highly recom-
mended by SNMMI [74], by CCO if just a solitary metastasis is identified at the
time of recurrence prior to metastasectomy [21] and by NCCN in the case of nodal
recurrence ‘to evaluate specific signs or symptoms’ [35].

A prospective multicentre PET registry study was conducted in Ontario
(Canada) to assess the use of PET in advanced or high-risk melanoma as adjunct to
clinical and standard radiologic investigation. Approximately 319 patients with
potentially resectable high-risk melanoma or recurrent disease under evaluation for
isolated metastasis underwent PET/CT, 10 of those already presenting with M1
stage (stage IV). A significant increase in stage to M1 was found after PET/CT in
17.6% of the patients, resulting in significantly more distant surgical interventions
in this group as compared to the group without up-staging. None of the already
assigned M1 patients was down-staged after PET/CT. The authors concluded that
PET/CT has a significant impact on surgical management [136].

Usually, FDG PET/CT is not recommended for routine follow-up; however,
according to ESMO guidelines and the German S3 guideline high-risk patients
(starting from stage IIC onwards) should routinely undergo cross-sectional imaging,
which may include cranial MRI and PET/CT, whole-body MRI or whole-body CT
(German S3 guideline, AWMF [10] or ‘ultrasound of lymph nodes, CT or
whole-body PET or PET/CT scans’ (ESMO, see Dummer et al. [43], respectively.

In order to assess the value of FDG PET/CT for patient management of mela-
noma patients Mena et al. carried out a retrospective study including 71 patients
(regardless of stage) with 4 or more post-operative follow-up PET/CT-scans (246
scans). Recurrence was found in 39.0% of the scans, the examinations resulted in a
change of patient’s management in approximately 16.7% of the scans. Change in
management was significantly higher in patients with prior clinical suspicion of
malignancy recurrence than without prior clinical suspicion. There was a statisti-
cally significant difference in the overall survival between patients with at least 1
positive scan and patients with 4 or more negative subsequent follow-up scans at
patient level [106]. More recently, a retrospective study analysed the data of 238
patients with 526 scans in Denmark—since 2015 PET/CT has been implemented in
the Danish national follow-up programme as a routine examination at 6, 12 and
24 months after treatment for malignant melanoma of stage IIB or higher. However,
in the analysis melanoma patients were included regardless of stage (starting from
stage IA onwards). The authors found a sensitivity, specificity, PPV and NPV of
89%, 92%, 78% and 97%, respectively. Here there was no significant difference in
the diagnostic accuracy of PET/CT between patients referred with or without
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clinical suspicion of relapse [153]. A prospective study including 170
post-operative stage III patients with a total of 502 scans and a median follow-up of
47 months found relapses in 38% of the patients, the majority of them being
asymptomatic. Overall sensitivity and specificity of the approach of sub-stage
specific (IIIA/B/C) PET surveillance were 70% and 87%, respectively. PPV and
NPV were calculated sub-stage- and time point-dependent—a negative PET at
18 months implied NPVs of 80–84% for true non-recurrence in the follow-up
period. The authors considered PET/CT to be suitable to detect (asymptomatic)
resectable and potentially curable disease at relapse [91].

19.2.8.2 Therapy Response Assessment
The therapy of unresectable metastatic melanoma has changed significantly by the
introduction of immune check-point inhibitor therapy—the first FDA approved one
was ipilimumab in 2011 for the treatment of malignant melanoma.

Sachpekidis et al. studied 41 patients with advanced melanoma prior to and after
2 cycles of ipilimumab treatment with FDG PET/CT (interim PET/CT). Earlier the
authors had found that the absolute number of new lesions is a better parameter for
prediction of immunotherapy response than changes in SUV and established the
so-called PET Response Evaluation Criteria for Immunotherapy (PERCIMT). In
this study therapy response assessment was based both on European Organization
for Research and Treatment of Cancer (EORTC) criteria from 1999 and the pro-
posed PERCIMT criteria. The patients were dichotomized into those with clinical
benefit (CB including stable disease (SD), partial response (PR) and complete
response (CR)), accounting for 31 patients, and those without CB (no-CB) showing
progressive disease (PD), affecting the remaining 10 patients. According to EORTC
criteria interim PET/CT demonstrated PD (meaning no-CB) in 20 patients,
according to PERCIMT criteria PD was seen in 9 patients; SD and PR were seen in
19 patients according to EORTC criteria and in 30 patients according to PERCIMT
criteria, and CR was seen in 2 patients according to both criteria, resulting in
sensitivities (correctly predicting CB), specificities (correctly predicting no-CB),
PPV, NPV and accuracies of 64.5%, 90.0%, 95.2%, 45.0% and 70.7%, respec-
tively, for EORTC criteria, and 93.6%, 70.0%, 90.6%, 77.8% and 87.8%, respec-
tively, for PERCIMT criteria [128].

19.2.9 Lymphoma

19.2.9.1 Diagnosis, Staging and Re-staging
Lymphomas are a heterogeneous group of malignancies characterised by diverse
morphologies, immunophenotypes and cytogenetics. The major subdivision into
Hodgkin’s lymphoma (HL) and non-Hodgkin lymphoma (NHL) is following
histopathological criteria, with HL presenting ‘Sternberg-Reed cells’ microscopi-
cally. Although the World Health Organisation (WHO) does not recommend a
‘grouping’ of lymphomas, there is a further classification dividing NHLs into
indolent (low-risk) and aggressive/highly aggressive (intermediate- and high-risk)
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NHLs, based on terms of biologic behaviour and the subsequently required
aggressiveness of the treatment [75].

With an estimated 4% (women) and 5% (men) of new cases in 2017 in the
United States, NHLs were supposed to be the 7th most common malignancy in both
men and women [132].

In international guidelines and recommendations by professional societies, FDG
PET/CT is often recommended in the initial staging work-up of lymphoma patients,
especially in HL patients, e.g. RCR [142], NCCN [68] and ESMO [44]. While HL
patients usually display a high FDG avidity on PET/CT-scans, the FDG avidity of
NHL patients differs. However, almost all histological (nodal) NHL subtypes were
reported to be highly FDG avid with the exception of extra-nodal marginal zone
lymphoma and small lymphocytic lymphoma [160], and lymphoplasmacytic
lymphoma/Waldenström’s macroglobulinemia and mycosis fungoides (unless there
is a suspicion of aggressive transformation) [28].

Based on published data, a consensus statement of the Malignant Lymphomas
Imaging Working Group (MLIWG) on International Conferences in 2011 and in
2013 (Lugano, Switzerland) recommended the use of PET/CT in the staging of all
FDG avid lymphomas, including indolent subtypes [28].

A prospective multicentre PET registry study published in 2017 was conducted
to evaluate the clinical impact of pre-treatment FDG PET/CT on the staging and
management of apparent limited-stage indolent lymphoma being considered for
curative radiation therapy. Significantly, 47 patients (23.9%) of the included 197
patients were up-staged by the PET/CT result from the presumed limited-stage
(stage I–II according to Cotswold-modified Ann Arbor classification) to
advanced-stage disease (stage III–IV). Vice versa, 10 patients (5.1%) were
down-staged, 4 of those patients from advanced-stage to limited-stage disease.
After PET/CT (available data of 155 patients), 95 patients (61.3%) were planned to
receive active treatment, of whom 59 patients were assigned to undergo the initially
planned radiation therapy alone—finally, 34 patients of those received this treat-
ment. The authors concluded that PET/CT should be implemented in the standard
work-up of indolent lymphoma patients, as there was a significant impact on further
clinical treatment in their study [107].

Instead of TNM staging, the staging of lymphoma patients follows the so-called
‘Ann Arbor classification’, lastly modified in Cotswold in 1988, which takes the
site and the dissemination of involved lymphoid and extra-nodal tissue into
account. The highest stage IV includes extra-nodal involvement other than
contiguous/proximal lesions to the known nodal site, e.g. bone marrow involve-
ment. Since bone marrow biopsy is an invasive method and gives information only
about a small part of the bone marrow, many studies were conducted to investigate
the sensitivity and specificity of FDG PET/CT in the assessment of bone marrow
involvement in lymphoma patients. Recently, in a retrospective analysis evaluating
832 HL patients from the German Hodgkin Study Group trials HD16, HD17 and
HD18, the results of bone marrow biopsy and PET scans (either in combination
with CT or MRT and in 31 patients (4%) PET alone) were compared. With bone
marrow biopsy as reference standard PET showed a sensitivity, specificity, PPV,
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and NPV of 95.0%, 86.5%, 14.7% and 99.9%, respectively. Considering both bone
marrow biopsy and PET as gold standard, sensitivity, specificity, PPV, and NPV of
PET were 99.2%, 100%, 100% and 99.9%, respectively. PET found 110 additional
patients with suspect focal bone marrow lesions who would have been considered
negative by biopsy. Regarding these results, bone marrow biopsy seems to be futile
in PET negative HL patients and the authors recommended biopsies only in PET
positive patients that would undergo a changed treatment protocol as a result of the
suspected bone marrow involvement [155].

Also in diffuse large B-cell lymphoma, the most common subtype with 30–35%
of all NHL lymphomas, FDG PET/CT was reported to be more sensitive than bone
marrow biopsy for the detection of bone marrow involvement [28]. In their sys-
tematic review and meta-analysis, Adams et al. included 7 studies with a total of
654 patients. The pooled estimates for sensitivity and specificity of FDG PET/CT
for detecting bone marrow involvement were 88.7% and 99.8%, respectively. The
weighted summary proportion of FDG PET/CT negative patients with positive bone
marrow biopsy was 3.1%. In conclusion, FDG PET/CT was considered as a
complementary tool to bone marrow biopsy for detecting bone marrow involve-
ment, since it cannot be ruled out by a negative FDG PET/CT-scan [2]. However,
even if positive PET findings were reported to be highly predictive and are con-
sidered usually sufficient to define advanced-stage disease [28], there is no con-
sensus whether diffuse FDG bone marrow uptake should be regarded as positive or
negative for involvement [2]. Furthermore, the histological type of lymphomatous
cells in the bone marrow (small or large cells meaning discordant or concordant
involvement) might have an influence on FDG avidity with FDG PET/CT being
more sensitive in concordant bone marrow involvement [2].

Another retrospective study enrolling 185 patients with newly diagnosed lym-
phoma including indolent subtypes (47 patients, 30 follicular lymphomas and 17
marginal zone lymphomas) found a high concordance rate between bone marrow
biopsy and PET/CT in the detection of bone marrow involvement for aggressive
B-cell lymphoma (88.1%) and HL (93.8%), as well as high NPVs for PET/CT in
the same histological subtypes (93.2% for aggressive B-cell lymphoma and 100%
for HL). However, the concordance rate and NPV were much lower in indolent
B-NHL with 66.0% and 66.7%, respectively—the authors considered bone marrow
biopsy as an indispensable staging procedure in indolent lymphoma patients [31].

In follow-up, routine surveillance scans with FDG PET/CT are not recom-
mended, since there is a high number of false-positive scans (>20%), leading to
further unnecessary investigations, such as biopsies, and to increased patient anx-
iety. Therefore, follow-up scans should be based on clinical indications [28].

19.2.9.2 Therapy Response Assessment
According to the ‘Lugano Classification’ based on the results of the already
mentioned 2 international conferences in Lugano, therapy response assessment is
recommended to be performed by FDG PET/CT using the 5-point scale
(Cheson/Deauville criteria) both for interim and end-of treatment response for all
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FDG avid lymphomas within clinical trials [28]. So far, therapy response should be
assessed only visually, since there are not enough data for an SUV-based cut-off
assessment. However, in NHL patients there are controversies about the interreader
agreement after PET/CT applying the 5-point scale [11]. For end-of-treatment
assessment, PET/CT is the standard of care for remission assessment in FDG-avid
lymphoma (Fig. 19.5). However, for interim assessment, there are ongoing clinical
trials evaluating and also questioning the usefulness of interim FDG PET/CT in
therapy response assessment, especially during immunochemotherapy in diffuse
large B-cell lymphomas [11].

There are a lot of studies investigating the usefulness of FDG PET/CT in interim
therapy response assessment in HL patients, also at advanced-stage disease. In an
international prospective multicentre trial, 1,119 patients with advanced-stage HL
underwent interim PET/CT-scans, of whom 937 patients showed negative scans.
Those patients with negative PET findings after 2 cycles of ABVD (doxorubicin,
bleomycin, vinblastine and dacarbazine) chemotherapy were randomly assigned to
continue ABVD or omit bleomycin in the following 4 cycles. The 3-year
progression-free survival rate and overall survival rate in the ABVD group were
85.7% and 97.2%, respectively; the corresponding rates in the AVD group were
84.4% and 97.6%, respectively. In summary, the omission of bleomycin from the
ABVD regimen after negative interim PET/CT resulted in a lower incidence of
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Fig. 19.5 19-year old male patient with Hodgkin lymphoma, referred to FDG PET/CT for initial
staging (August 2015; images A1/B1/C1) and for re-staging (January 2016; images A2/B2/C2)
after chemotherapy (6 cycles of BEACOPP August-December 2015). Initial FDG PET/CT showed
manifestations of lymphoma on both sites of the diaphragm (Ann Arbor stage III), FDG PET/CT
after chemotherapy showed vital lymphoma residuals in the mediastinum (visually
Cheson/Deauville score 3–4, which means > mediastinal blood pool uptake, but � liver uptake
and moderately above liver uptake, respectively). As a consequence the patient was referred to
adjuvant radiotherapy; (A1-2) CT-Scan, (B1-2) PET scan, (C1-2) PET/CT fused images
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pulmonary toxic effects than with continued ABVD but not significantly lower
efficacy [77].

Recently, in an open-label international phase 3 trial 1,013 advanced-stage HL
patients were randomised after negative interim FDG PET/CT (after 2 cycles of
chemotherapy) to receive either standard eBEACOPP (in all 8 (before June 2011)
or 6 cycles (after June 2011)) of bleomycin, etoposide, doxorubicin, cyclophos-
phamide, vincristine, procarbazine and prednisone in escalated doses) or
de-escalated protocol with 4 cycles eBEACOPP in all (experimental arm). In PET
negative patients the 5-year progression-free survival rates in the standard and
experimental arm were 90.8% and 92.2%, respectively. Furthermore, the applica-
tion of only 4 cycles of eBEACOPP was associated with fewer severe infections
(8% vs. 15% after 6/8 cycles) and organ toxicities (8% vs. 18% after 6/8 cycles).
The authors concluded that interim PET negativity allows for a reduction to only 4
cycles of eBEACOPP without loss of tumour control [15].

19.2.10 Sarcoma

19.2.10.1 Diagnosis, Staging and Re-staging
Sarcomas are a rare heterogeneous group of tumours composing about 1% of all
malignancies [156], but carrying a high mortality rate, and presenting with varied
radiologic appearances.

Primarily, sarcomas are divided into sarcomas originating from bone and car-
tilage, respectively, (such as osteosarcoma, Ewing’s sarcoma or chondrosarcoma)
or originating from soft tissue (such as liposarcoma, leiomyosarcoma and GIST).

With respect to the biologic potential, WHO has classified soft tissue tumours in
four categories: benign, intermediate (locally aggressive), intermediate (rarely
metastasising) and malignant [48]. The histological grade of soft tissue sarcomas
and chondrosarcomas is supposed to be the most important prognostic factor in
those cancer groups [33, 34].

A meta-analysis of FDG PET studies in patients with sarcoma concluded that
FDG PET could discriminate between benign tumours and low-grade tumours and
intermediate and high-grade tumours [12]. Also other authors found an accurate
discrimination at least between low- and high-grade sarcomas employing FDG PET
[26]. However, by use of FDG PET it remains difficult to distinguish low-grade
tumours from benign tumours, as also confirmed by other studies, e.g. Ioannidis and
Lau found FDG PET to be positive in all intermediate and high-grade soft tissue
tumours, in 74.4% of low-grade soft tissue tumours and still in 39.3% of benign
lesions [71]. Czernin et al. investigated the baseline glucose metabolic phenotype of
sarcoma in more than 100 patients with soft tissue sarcoma. The SUV differed
considerably and significantly among the many histological subtypes. Liposarco-
mas, especially the myxoid variants, exhibited low FDG uptake. Sarcomas not
otherwise specified (NOS), the most dedifferentiated variants, showed the highest
FDG uptake. Overall, SUVmax was significantly higher in high-grade than in
low-grade sarcomas (11.7 ± 9.1 g/ml vs. 3.7 ± 1.8 g/ml; p < 0.001) [37].
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FDG PET/CT can be useful in the evaluation of soft tissue tumours for guiding
biopsy, helping to sample in the area with the highest glucose utilisation [122].
ESMO guidelines also see a role for FDG PET/CT in defining the area a biopsy
should be taken from [23]. Furthermore, according to the NCCN guidelines there is
a role for FDG PET/CT in the staging, prognostication and therapy response
assessment in patients with soft tissue sarcomas of the extremities, the superficial
trunk or head and neck, but not in surveillance [156].

A meta-analysis from 2012 enrolling 89 patients focused on the primary staging
of high-grade bone and soft tissue sarcomas—the authors found a high sensitivity,
specificity, PPV and NPV for the presence of distant metastases detected by FDG
PET/CT with 95%, 96%, 87% and 98%, respectively. However, in the detection of
lymph node metastases, the PPV was very low with 27%, but there were similarly
high rates for sensitivity, specificity and NPV with 100%, 90% and 100%,
respectively. The authors considered the use of FDG PET/CT to be ‘feasible’ in the
initial assessment of patients with high-grade bone and soft tissue sarcoma. Fur-
thermore, they found the SUVmax of the primary tumour to be a strong prognostic
predictor of survival [53].

A more recent review and meta-analysis investigated the role of FDG PET and
PET/CT in diagnosis, staging and recurrence assessment of bone sarcoma enrolling
42 trials with a total of 1,530 patients; for discriminating primary bone sarcomas
from benign lesions the authors found a pooled sensitivity of 96% and a pooled
specificity of 79%, for detecting distant metastases the pooled results on a
lesion-based level were 90% and 85% for sensitivity and specificity, respectively,
and for detecting recurrence the pooled results on an examination-based level were
92% (sensitivity) and 93% (specificity), respectively (all values referring to
PET/CT, even though, results for PET only were comparable) [93].

There are sarcomas that preferably occur in children and adolescents such as
Ewing’s sarcoma and rhabdomyosarcoma. In a study conducting 46 PET scans in
25 paediatric patients with Ewing’s sarcoma or neuroectodermal sarcoma or
rhabdomyosarcoma a favourable accuracy was found for FDG PET (sensitivity,
specificity, PPV and NPV were 86%, 80%, 89% and 67%, respectively) [108].

19.2.10.2 Therapy Response Assessment
Czernin et al. investigated the evaluation of therapy response in soft tissue sarcomas
by determining the degree of FDG uptake decrease before and after treatment: In
these studies, decreases of tumour FDG uptake by 35% after a single cycle and
by >60% at the end of treatment identified all pathological treatment responders,
predicting the amount of necrotic tissue in excised tumour tissue (>95% necrosis)
[37].

In osteosarcomas Hongtao et al. carried out a meta-analysis examining the
therapy response as assessed by FDG PET/CT—they showed that SUVs measured
before and after treatment are valuable for predicting the histological response to
chemotherapy [67].
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19.2.11 Breast Cancer

19.2.11.1 Diagnosis, Staging and Re-staging
Breast cancer is the most common type of cancer in women worldwide [119]. In
2014, breast cancer was the second leading cause of cancer-related deaths in women
in the United States, in the group of 20–39 years of age it was even the first reason
for cancer-related deaths in women [132].

Invasive ductal carcinoma is the most common histopathological subtype of
invasive breast cancer accounting for 50–70% of all cases, followed by invasive
lobular carcinoma with 5–15%, and finally mucinous and tubular carcinoma rep-
resenting 1–6% and 1–2% of the cases, respectively. Invasive lobular, mucinous
and tubular carcinomas are considered to be low FDG avid [117]; depending on the
size and cell density this often also applies to carcinoma in situ [54].

Mammography remains the principal imaging tool to screen for breast cancer.
Small lesions cannot be characterised by FDG PET/CT due to the partial volume
effect and limited spatial resolution—sensitivities of 59% in T1a–b (<10 mm) and
98% in T1c (11–20 mm) tumours have been reported [83]. According to NCCN
guidelines, FDG PET/CT can be used for the staging from stage IIIA onwards (T3
N1 M0), optionally [57]. In a clinical trial Koolen et al. enrolled 154 patients with
primary stage II and III breast cancer to evaluate the role of FDG PET/CT in the
staging work-up in comparison with conventional imaging techniques (bone
scintigraphy, liver ultrasound and chest radiography) to exclude distant metastases
prior to neoadjuvant chemotherapy. They found a sensitivity, specificity, PPV, NPV
and accuracy of 100%, 96%, 80%, 100% and 97%, respectively; in 16 of 20
patients additional (distant) lesions, metastatic disease or new primary malignancy,
were exclusively seen by PET/CT, leading to a change in treatment in 13 of 154
patients (8%). The authors concluded that FDG PET/CT is superior to conventional
imaging techniques in the detection of distant metastases in untreated stage II and
III breast cancer patients and may be of additional value prior to neoadjuvant
chemotherapy [84]. For a recent retrospective study in a total of 234 stage I, II and
III breast cancer patients FDG PET/CT was performed before (114 patients) or after
surgery (120 patients)—hypermetabolic extra-axillary lymph nodes were detected
in 42/234 patients (17.9%) and hypermetabolic distant metastases in 65/234 patients
(27.7%), leading to a modification in the staging in 82/234 patients (35%) and in
patient management in 69/234 patients (29.4%) [165]. Thus, FDG PET/seems to be
of additional value in the staging starting already from stage II onwards (for more
information also see Groheux [58]).

A meta-analysis conducted by Sun et al. including 6 studies with 609 patients at
any disease stage and regardless of treatment status concluded that FDG PET/CT
outperforms conventional imaging by far and has an excellent diagnostic perfor-
mance in staging of distant metastasis in breast cancer patients indicated by a
sensitivity of 99% and a specificity of 95% as compared to conventional imaging
with a sensitivity of 57% and a specificity of 88% [140].

Since about 30–35% of all patients ultimately relapse after initial (radical)
treatment [119, 163], surveillance of breast cancer patients with initially advanced
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tumour stage is of special importance. Two-thirds of breast tumour recurrences are
local and detection of local recurrence is a domain of mammography and/or
ultrasound and, if inconclusive, MRI [119]. However, the 5-year survival rate in
patients with distant metastases (mediastinal lymph nodes, bones, lungs, liver and
brain) is markedly lower (25% vs. 80% in patients with loco-regional recurrence)
[163]. Especially if there are equivocal findings on conventional imaging (CT,
MRI, bone scintigraphy) the use of FDG PET/CT is recommended by some pro-
fessional societies to identify or exclude a relapse, e.g. by ESMO [22], and also for
detection of local recurrence by SNMMI [74], and in particular in patients with
dense breasts by RCR/RCP [142].

In a recent meta-analysis and systematic review including 26 studies with 1,752
patients with suspected recurrent breast cancer FDG PET or PET/CT was shown to
be a highly sensitive and moderately specific imaging modality for the detection of
relapse with a sensitivity of 90% and a specificity of 81% [163]. A retrospective
clinical study conducted by Jung et al. enrolling 1,162 patients with 1,819 exam-
inations assessed the role of FDG PET/CT in the detection of loco-regional
recurrence or distant metastases as compared to conventional imaging (mammog-
raphy, breast ultrasound, bone scintigraphy and chest radiography)—the authors
found a sensitivity, specificity, PPV and NPV of 97.5%, 98.8%, 95.4% and 99.4%,
respectively, for FDG PET/CT, the corresponding values for conventional imaging
were 75.4%, 98.7%, 93.4% and 94.3%, respectively; thus, the sensitivity of FDG
PET/CT was shown to be significantly higher as compared to conventional imag-
ing. The authors considered FDG PET/CT as an acceptable diagnostic imaging
modality for post-operative surveillance [78] (Fig. 19.6).
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Fig. 19.6 56-year old female patient with history of breast cancer of the right breast (initially
TNM-classification pT1b pN0 L0 V0 R0 G3) after surgery and adjuvant radiation therapy, referred
to FDG PET/CT for re-staging; clinically already suspicious focal tumour in the right axilla. FDG
PET/CT confirmed FDG-positive lymph node metastasis in the right axilla; furthermore, PET/CT
revealed an FDG-positive node contralateral in the left axilla, either contralateral primary tumour
or further lymph node metastasis; (A1-2) CT-Scan, (B1-2) PET scan, (C1-2) PET/CT fused images
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19.2.11.2 Therapy Response Assessment
For breast cancer, FDG PET/CT was examined in many studies in the setting of
neoadjuvant chemotherapy to assess therapy response. A meta-analysis from 2012
enrolling 17 studieswith 781 patients summarised a good pooled sensitivity of 84.0%,
but only a moderate pooled specificity of 71.3%; however, the studies included were
quite heterogeneous. For instance, only 11 studies had reported the receptor status
(estrogen, progesterone and human epidermal growth factor receptor (HER) 2). The
authors recommended a combination of FDG PET/CT with other imaging modalities
such as MRI, ultrasound and mammography to assess therapy response [27].

More recently, Tian et al. conducted a meta-analysis enrolling 22 studies with
1,119 patients; the pathological response in both breast tissues and in the axillary
lymph nodes and the accordance with FDG PET/CT results were evaluated. They
found a pooled sensitivity of 81.9% and a better-pooled specificity of 79.3% as
compared to the results of Cheng et al. the area under the curve being 0.87. Among
the included studies there was also a high heterogeneity, the sensitivities in the
different studies ranged from 63 to 100% and the specificities ranged from 38 to
97%—the authors suggested that only tumour subtypes with relevant FDG uptake
at baseline can be assessed in the course of chemotherapy. In tumours with low
initial FDG avidity change in glucose utilisation cannot reasonably be used for
therapy response assessment in the course of chemotherapy, but obviously those
tumour subtypes were also evaluated in the included studies [143].

In general, therapy response assessment determined by FDG PET/CT seems to
be of special interest in more aggressive subtypes like triple negative and
HER2-positive breast cancers. The optimal timing of interim PET/CT is still an
ongoing issue of research, but seems to depend on the histological cancer subtype
and (chemo-/immuno-) therapy regimen [59].

19.2.12 Ovarian Cancer

19.2.12.1 Diagnosis, Staging and Re-staging
Nearly 90% of ovarian cancers arise from the epithelium, the remaining 10% are
germ cell and stromal tumours [130]. Ovarian cancer is the leading cause of death
from gynaecologic cancer in the Western World [85]. The poor prognosis results
from an advanced cancer stage, which affects about 70% of patients at the time of
diagnosis [46]. Ovarian cancer spreads mainly by local extension, by early
implantation on both the parietal and the visceral peritoneum, by lymphatic dis-
semination (involving the inguinal, pelvic, paraaortic and mediastinal lymph nodes)
and rarely through the blood vessels [46]. The serum tumour marker CA-125 is
widely used to assess the effectiveness of therapy and to detect tumour recurrence.

Unclear ovarian masses are evaluated with ultrasound, CT and/or MRI, usually
followed by ‘staging laparotomy’. Surgical exploration remains the standard ref-
erence for the initial staging of ovarian cancer [46, 130]. In the primary staging
FDG PET/CT has no definite role, but ‘may be appropriate’ according to the ACR
Appropriateness Criteria® in the staging and follow-up of ovarian cancer [81]. FDG
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PET/CT was shown to be limited in the diagnosis of cancer of the ovaries due to
physiologic FDG uptake observed in the ovaries of women at reproductive age; for
this reason the examination should be conducted during the postmenstrual phase in
premenopausal women. However, focal uptake in the region of the ovaries in
postmenopausal women is suspicious of malignancy and should be further evalu-
ated. False-positive results may also occur, e.g. when physiologic bowel activity is
mixed up with peritoneal spread [46]. On the other hand, FDG PET/CT may lead to
false-negative results in borderline tumours, in lesions smaller than 5 mm (such as
carcinomatosis), in women with cystic or necrotic lesions and in mucinous tumours.
Still, FDG PET/CT is more sensitive than CT alone in detecting small peritoneal
deposits [50, 85]. Furthermore, women with ovarian cancer confined to the pelvis
may benefit from a pre-operative FDG PET/CT in order to identify nodal metas-
tases—in a prospective study enrolling 68 patients FDG PET/CT showed a high
sensitivity, specificity, accuracy, PPV and NPV of 83.3%, 98.2%, 95.6%, 90.9%
and 96.5%, respectively, in a patient-based analysis. The authors concluded that due
to the high NPV systematic pelvic and aortic lymphadenectomy could be avoided in
many patients [133]. In addition, FDG PET/CT has the advantage of a whole-body
examination (‘one-stop shop’), hence it might also detect supradiaphragmatic
involvement at the time of primary staging. Therefore, it is recommended in the
guidelines of the European Society of Urogenital Radiology (ESUR) in suspected
stage IV disease (advanced ovarian cancer) and in the presence of indeterminate
lymph node appearance [50].

The most important role of FDG PET/CT in ovarian cancer patients is the
evaluation of tumour recurrence, especially when CA-125 levels are rising and
conventional imaging is inconclusive or negative [46, 50, 85, 130]. Referring to the
ACR Appropriateness Criteria®, in this situation FDG PET/CT is considered
‘usually appropriate’ [81] and is also recommended by RCR [142].

19.2.12.2 Therapy Response Assessment
In the future, there might be a further role in monitoring response to treatment in
advanced ovarian cancer, as FDG PET/CT is supposed to be more accurate in
characterising residual disease after chemotherapy as compared to CT alone and as
a molecular imaging technique it might also identify responders and non-responders
[127]. However, so far it has not replaced second-look laparotomy, maybe also due
to issues of cost-effectiveness [85, 130].

19.2.13 Testicular Cancer

19.2.13.1 Diagnosis, Staging and Re-staging
Most testicular neoplasms (90–95%) are germ cell tumours [7]. The other 5–10%
include stromal tumours, lymphoma and metastases. Testicular germ cell tumours,
representing a rare malignancy and occurring most frequently in Caucasian young
males aged 15–40 years [112], are divided into seminoma and non-seminoma(tous
germ cell tumours ((NSGCT)) with 50% each [112].
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The NSGCT group consists of embryonic cell carcinomas including undiffer-
entiated teratomas, differentiated teratomas (with varying degrees of differentiation,
and immature and mature teratomas, respectively), yolk sac tumours such as
choriocarcinomas and mixed tumours in every possible combination, also in
combination with seminoma components. Mature teratomas do not show increased
FDG uptake due to a low proliferation rate [5]. As mature teratoma is present in 30–
45% of resected residual masses in NSGCT patients, this is a major source of
false-negative results in PET scans prior to resection. In seminomas the fraction of
mature teratoma in residual lesions is much lower (<5%). Therefore, FDG PET/CT
has a greater role in evaluating patients with residual seminoma as compared to
NSGCT patients with residuals [39].

However, FDG PET/CT does not contribute to initial staging and has no role in
the routine follow-up (ESMO, see Oldenburg et al. [112]), for both of which usually
CT is applied.

In contrary, FDG PET/CT is most helpful in the setting of tumour recurrence
(when relapse is suspected, e.g. by elevated tumour marker levels, especially in
combination with normal conventional imaging findings) and in the evaluation of
chemotherapy response.

19.2.13.2 Therapy Response Assessment
Therapy response was evaluated in detail for residual tumour masses after
chemotherapy in seminoma patients with suspicion of viable tumour residuals.
Treglia et al. published a systematic review and meta-analysis referring to this
question—pooled sensitivity and specificity of FDG PET or PET/CT were 78% and
86%, respectively; FDG showed a high NPV of 94% with a moderate PPV of 58%
and a high accuracy of 84%. In addition, they found a significantly higher sensi-
tivity for patients with residual masses >3 cm as compared to those <3 cm (89%
vs. 47%) [148].

Thus, the main indication of FDG PET/CT in testicular cancer is the differen-
tiation of residual tumour from fibrosis in seminoma patients, in particular in
lesions >3 cm, as also recommended by CCO Cancer Care Ontario [21] and RCR
[142]. In the assessment of residual tumour tissue after chemotherapy FDG PET/CT
should be performed with a minimum of 6 weeks after the end of the treatment, as
earlier imaging may lead to false-positive results due to inflammation following
therapy. In the case of a positive PET scan, the probability of residual seminoma is
high and a biopsy might be carried out before re-treatment by irradiation or
resection [112].

There might be a future role for FDG PET/CT in the assessment of response to
Cisplatin, Etoposide and Bleomycin (PEB) chemotherapy in metastatic seminoma
patients, as Nechhi et al. pointed out: after 2 cycles of PEB 72.9% of the included
37 patients achieved a complete response (CR) and none of them relapsed (median
follow-up of 18 months)—the authors concluded that patients showing CR on
PET/CT-scan do not need additional treatment after (according to risk stratification
3 or 4 cycles of) PEB [110]. Further research in larger cohorts is necessary to
confirm these results.
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19.2.14 Penile Cancer

19.2.14.1 Diagnosis, Staging and Re-staging
In Europe and North America or in general in developed countries, penile cancer
has a low incidence (� 1 per 100,000) that increases with age, with a peak during
the sixth decade [60, 114]. As there is a strong correlation with human papillo-
mavirus (HPV) (one-third of cases can be attributed to HPV-related carcinogene-
sis), this might explain regional differences in epidemiology with higher incidence
rates in South America, Southeast Asia and parts of Africa [60]. The following
section focuses on penile squamous cell carcinoma, which represents the vast
majority of penile cancer subtypes [114].

As metastatic involvement of regional lymph nodes is a strong prognostic factor
(excellent prognosis in N0-patients with cure in up to 90% [41, 114], invasive
lymph node staging is required in patients at intermediate or high risk (intermediate
risk: not well-differentiated pT1; high risk: pT2 or higher plus all G3 tumours) of
lymphatic spread, i.e. either modified radical inguinal lymphadenectomy (ILND) or
dynamic sentinel node biopsy (DSNB) [60]. In enlarged palpable inguinal lymph
nodes the presence of metastases is more likely, but even in clinical unsuspicious
lymph nodes micrometastases occur with a frequency of about 20–25% [41, 60].
Despite its poorer prognosis, cure is still possible in lymph node-positive disease—
for this reason, improved imaging tools are needed to identify those patients. Due to
low sensitivities for smaller metastases, FDG PET/CT is not recommended for
cN0-patients [114]. Though there was an attempt by a Danish group to combine
FDG PET/CT with sentinel node biopsy in cN0-patients and this combined
approach showed a sensitivity of 94.4% [76]. In another prospective study, 41
cN0-patients underwent FDG PET/CT prior to bilateral modified or radical ILND—
FDG PET/CT showed a high sensitivity but moderate specificity with 80% and
68%, respectively, as well as a high NPV of 91% (although low PPV of 44%). The
authors concluded that FDG PET/CT cannot replace invasive nodal staging [42].

In clinically suspicious palpable lymph nodes FDG PET/CT can identify
metastases and confirm lymph node involvement [60]. In nodal-positive patients,
radical ILND with curative intention is indicated. FDG PET/CT might also help to
identify pelvic lymph node metastases, if these are initially suspicious due to
enlargement [151].

In follow-up, FDG PET/CT can improve the detection of early regional lymph
node involvement and reveals more distant metastases, especially in patients with
inguinal node-positive penile cancer (ESMO, see Van Poppel et al. [151]). In a
recent study, Zhang et al. showed an overall sensitivity of 82% and specificity of
93% for the detection of distant metastases by FDG PET/CT in a patient-based
analysis in 42 stage III- and IV-patients with advanced penile cancer, mostly in the
clinical setting of re-staging/evaluation of suspected recurrence (65% of the
patients) [169].
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19.2.15 Prostate Cancer

19.2.15.1 Diagnosis, Staging and Re-staging
FDG PET/CT has shown only a limited sensitivity for the detection of differentiated
prostate cancer and imaging of recurrent prostate cancer in various studies.
Increased FDG uptake and accumulation is regularly only found in dedifferentiated
and aggressive prostate cancer, given a Gleason score >7, and the sensitivity for the
detection of metastases increases with increasing serum PSA levels (for more
information also see Jadvar [72, 73] and the chapter concerning molecular imaging
of prostate cancer in this book).

19.2.16 Cancer of Unknown Primary

19.2.16.1 Diagnosis/Detection and Staging
About 3–5% of all malignancies are cancers of unknown primary (CUP) [47],
mostly associated with a poor prognosis. By definition, CUPs present with histo-
logically proven metastatic disease for which the site of origin cannot be identified
at the time of diagnosis despite extensive diagnostic work-up. The biology of those
tumours is still not fully understood [47], although one might hypothesise that the
detection of the primary tumour might lead to a more distinctive treatment. The
primary tumour can often not be identified on conventional imaging, thus, PET may
improve the detection rate of CUPs and potentially improve patient outcome by
optimising treatment planning.

A special patient sub-group in the group with those heterogeneous malignancies
are patients with neck lymph node metastases from an occult primary who account
for up to 10% of all patients with carcinoma of unknown primary site [20]. Since
the most frequent histological finding in neck lymph node metastases is squamous
cell carcinoma, particularly when the upper neck is involved [20], and squamous
cell carcinomas are usually FDG avid, there is a high probability to find the primary
tumour by virtue of FDG PET/CT, at least if the tumour size is not below resolution
limit. Zhu et al. conducted a meta-analysis including 246 patients and with 44, 97
and 68% for detection rate, sensitivity and specificity, respectively, they found a
moderate detection rate, a high sensitivity and a low specificity [170].

Despite the lack of recommendations in official guidelines, a multidisciplinary
expert panel of oncologists, radiologists and nuclear physicians with expertise in
PET/CT concluded that the use of FDG PET(/CT) is beneficial in the diagnostic
work-up of patients with cervical CUPs [49].

At the moment also in extra-cervical CUPs evidence seems to be too rare to
recommend the use of FDG PET/CT in guidelines in first line diagnostic work-up
with exception of the German Society of Haematology and Oncology, which
prefers FDG PET/CT for the detection of the primary tumour instead of CT
thorax/abdomen alone [70]. RCR recommends FDG PET/CT for the ‘detection of
the primary site when imaging and histopathology has failed to show a primary site,
where the site of tumour will influence choice of chemotherapy’ [142].
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A meta-analysis by Kwee et al. reported a primary tumour detection rate of 37%.
Lung, oropharyngeal and pancreatic cancer were reported to represent the most
frequently detected primary tumours [87]. Another meta-analysis was conducted by
Moller et al., who found a detection rate of 39.5% for the primary site in patients
with extra-cervical CUP, the pooled estimates for sensitivity, specificity and
accuracy were 87%, 88% and 87.5%, respectively. The lungs were again the most
commonly detected primary tumour site with 50% [109]. A more recent
meta-analysis enrolling 1,942 patients came to a similar result with an overall
detection rate of 40.93%—the authors concluded that up-front application of FDG
PET/CT might have a role in CUP patients by obviating many futile diagnostic
procedures [17].
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